Introduction
The benefits of industrial specialization are well understood. Since Adam Smith, numerous theories and empirical analyses have been advanced to explain the international and regional agglomeration of economic activities. 1 While under-specialization is now seen as a salient feature of emerging market countries (Lu and Tao, 2009 ), most of the literature still focuses on factors that lead to spatial concentration of industrial production in the developed economy context.
Recent studies suggest several factors may influence the limited industrial agglomeration seen in emerging economies. Bai et al (2004) find that government invention and local protectionism create trade barriers tend to reduce the extent of specialization. Levchenko (2007) shows that legal and property rights may help determine a region or country's productivity and comparative advantage. Weak legal and property rights in emerging countries also remove some of the incentives that spur trade and specialization.
Using firm level data, Lu and Tao (2009) find that local protectionism obstructs the process of regional concentration of manufacturing industries.
The pioneering work of Rajan and Zingales (1998) establishes that the presence of a well-developed financial market has a positive effect on industries or firms heavily dependent on external finance. This view is backed by subsequent research (Cetorelli and Gambera, 2001; Beck, 2002 Beck, , 2003 Svaleryd and Vlachos, 2005 ) that finds financial market development can influence patterns of production, trade, and even international competitiveness for industries reliant on access to external finance. Notably, financial development as a determinant of industrial specialization in the context of emerging economies has yet to garner much attention. Not only is access to finance a challenge in most emerging market countries but also weak legal systems and local protectionism tend to make financial resources largely immobile across regions. Drawing on empirical evidence that suggests a developed financial sector can be a source of comparative advantage and determinant of specialization, we ask how this might apply in the Chinese context. 1 Marshall (1920) suggests that external economies could lead to regional specification of industries. Ohlin (1933) emphasizes the importance of resource endowments across countries or regions on geographic concentration of production. Krugman (1991 Krugman ( , 1995 shows industries with increasing returns to scale are more likely to have production clustered in a few places.
Qing He, Chang Xue and Chenqi Zhu Financial development and patterns of industrial specialization: Regional evidence from China 6 Using a panel data of 30 China's regions over the period of 1998 to 2010, 2 we empirically examine how financial development might affect concentration of regional economic activities. China is an appropriate case for investigation for at least four reasons.
First, the features of the Chinese economy are typical for many emerging economies. Understanding China therefore helps in understanding of the role of financial development in industrial specialization in emerging markets more generally. For example, as in most emerging economies, the extent of regional specialization in China is much lower than in developed economies. Second, China offers unique perspectives not available in countries with mature financial markets and highly efficient allocation of financial resources. As in many emerging market countries, China's regulators are still struggling to get basic supervisory measures in place amidst a weak legal system with poor property protections. Partly because China's formal financial markets are underdeveloped and inefficient, alternative financing channels such as trade credit and informal financing arrangements are huge contributors to growth (Allen et al., 2005) . Thus, the relationship between informal finance and specialization provides an intriguing, potentially valuable, area to explore. Third, financial development across China's regions differs substantially. Over the past three decades, Chinese economic development and financial markets have witnessed widening regional disparities (Chan et al., 2011) . Studying such disparity may help us better grasp the relationship between uneven regional financial development and patterns of industrial specialization. Finally, unlike in most industrialized nations, foreign direct investment (FDI) remains a focal point of policy in emerging economies. Thus, the role of FDI in Chinese industrial specialization deserves consideration as well.
We start our analysis by measuring the demand for external financing in specific industries. We next consider a wide array of financial indicators to assess the size and quality of financial sectors to be able to compare the relative importance of various financial markets for specialization. In line with Rajan and Zingales (1998) , we find that financial dependence of industries varies substantially across Chinese provinces and municipalities. seems to play a relatively minor role in shaping patterns of industrial specialization. Indeed, we find a negative relationship between the banking sector and level of industrial specialization. The development of the capital market also only plays a modest role in the industrial specialization. In contrast, informal financing channels such as trade credit and self-raised funds are important drivers of geographic concentration of manufacturing industries. We also find that FDI is important for specialization and comparative advantage, and that a robust legal and institutional environment can amplify the effect of informal financing channels that leads to geographic concentration of industries.
To address the potential endogeneity problems, we employ distinct and separable instrumental variables for informal finance and FDI. Specifically, we use private nonenterprise entities as an instrument for informal financing channels. For FDI, we use the ratio of foreign marriages to total marriages. We also control for other traditional determinants of regional specialization, as well as fixed effects for industry, year, and region. Our results regarding the positive role of informal financing and FDI on specialization remain essentially unchanged.
This study augments the extensive literature on determinants of industrial specialization. Numerous studies have examined the effects of resource endowments, externality, knowledge spillover, and other factors on specialization (Audretsch and Feldman, 1996; Kim, 1999; Rosenthal, 2001) . 3 The contribution here comes from focusing on the impacts of financial markets on patterns of industrial specialization an emerging economy setting. The study also contributes to the growing literature on the effects of informal financing channels. Allen et al. (2005) suggest that informal financing channels are crucial in determining economic outcomes, especially in countries with weak legal systems and poor property right protections. However, few studies provide direct evidence on the role of informal financial channels on economic performance. Through investigating the effects of informal financing channels on specialization, this paper bolsters the argument that a well-functioning informal financing system can encourage industries heavily reliant on access to finance to specialize production, and that this, in turn, results in efficiency gains for the overall economy.
The rest of the paper proceeds as follows. We present theories of regional industrial specialization and set forth several hypotheses based on them in Section 2. In Section Qing He, Chang Xue and Chenqi Zhu Financial development and patterns of industrial specialization: Regional evidence from China 8 3, we describe our data set, research design, and summary statistics for key variables. In Section 4, we investigate the determinant of China's regional industrial specialization with a focus on the impact of financial development. Robust analysis is provided in Section 5.
Section 6 concludes.
Theories and hypotheses
Studies related to industrial specialization originate with the resource endowment theory of international specialization (Ohlin, 1933) , whereby regions differ in their natural and human resource endowments. Differences in comparative advantage of regional production arise such that each region can specialize production as long as trade across regions is possible. Implicitly, a factor's immobility across regions is required for it to be a source of comparative advantage.
If a financial market is fully integrated, capital obviously cannot be a source of comparative advantage as capital mobility has equalized asset return across regions (Wood, 1994 ). However, persisting information asymmetries and conflicts between creditors and debtors assure financial markets remain far from perfect. Indeed, there is considerable anecdotal evidence to suggest financial services are surprisingly immobile geographically. It is even often difficult in many emerging market countries even to trade across domestic regions (Jayaratne and Strahan, 1996) . Pagono et al. (2001) note that geography is an important aspect of financing for local firms. Compared with developed countries, markets remain highly segmented in most emerging economies, and China is no exception (Allen et al., 2005) . Numerous restrictions and local protections discourage interregional movement of capital in China (Young, 2000; Lai et al., 2013) . 4 Markets are poorly integrated and the level of financial development needed for local growth opportunities and consumption risk-sharing is lacking (Du et al., 2011) . Financial intermediaries are in a position to evaluate projects, as well as monitor and disseminate information, making them uniquely capable of mitigating the negative effects of financial market friction. Moreover, a wellfunctioning financial market should in theory provide firms easy access to lower-cost financial resources (Rajan and Zingales, 1998; Cetorelli and Gambera, 2001; Beck, 2002 Beck, , 2003 Levchenko, 2007) . As industries differ in their financing needs (Rajan and Zingales, Bank of Finland BOFIT Discussion Papers 12/ 2014 9 1998), the development of robust local financial market could be a source of comparative advantage that attracts to the region industries that must rely heavily on financing to specialize production. This gives us our basic hypothesis:
Hypothesis 1: Industries that rely heavily on external finance are more likely to concentrate geographically in regions with well-developed financial systems.
Similar to most emerging market countries, China has a formal and an informal financial sector. Banks dominate the formal financial sector in China. Measures of Allen et al (2005) indicate the bank credit ratio to GDP in China is 1.11, which is much higher than any other country in the world (the global weighted average is 0.73). However, this banking system is malfunctioning. Most formal credit is issued by China's state-owned banks to stateowned enterprises (SOEs) 5 , while small and median sized enterprises (SMEs) are difficult to obtain bank credits. Executives at state-owned banks are appointed by the central government, rather than selected by a corporate board or shareholders. The government strictly regulates bank operations, using them to control the economy (Pistor, 2009) . The Chinese government's dual role as a regulator and as majority stakeholder diminishes its effectiveness in running state-owned banks and supervising the sector (Allen et al., 2012) . On the other hand, the government can use state-owned banks to pursue its social agenda, i.e. social stability and high employment, rather than seek profit maximization or enhanced efficiency. This social aspect may add to further market distortions to the fund allocation through formal banking system. It lowers the possibility of industries dependent on access to external finance that might otherwise specialize their production from concentrating in a specific geographic location. As a corollary of our basic hypothesis, we obtain:
Hypothesis 1a: Industries dependent on external financing sources are less likely to concentrate in regions with large formal banking sectors.
Although corporate bonds were first issued in China in 1986, the bond market remained in a fairly primitive state for decades. At the end of 2012, the market value of newly issued 5 The first major effort at banking reform was initiated in the mid-1990s, when the central government decided to set up a market-oriented banking system. The reform has allowed private banking services and financial liberalization to gain a foothold in recent years. However, state-owned banks still account for over 50% of total assets held by the banking sector in 2013 Still, compared to the Chinese banking sector, these exchanges are relatively small. 6 The securitization rate (ratio of total market capitalization to GDP) in China was 51.5% in 2011, much lower than that in the US. Despite rapid growth, the two stock exchanges suffer major malfunctions from time to time. Insider trading and wild speculation are pervasive. The turnover volumes on the Shanghai and Shenzhen stock exchanges in 2011 were 178.5% and 344.3%, respectively. This is considerably higher than that in most mature financial markets, indicating large amounts of purely speculative trading (Allen et al, 2012) .
Securities markets are basically inefficient; their prices are not driven by the fundamental value of corporations (Morck et al., 2000) .
The establishment of the two stock exchanges was initially intended as part of reforms in the state-enterprise sector. The exchanges were supposed to provide a new source of funding to SOEs and reduce the financial burden on the government to bail out SOEs in financial distress. Up to 2005, 80% of listed enterprises in China, more than 1,100, were former SOEs. Despite state dominance, most shares held by the government or state-owned legal entities are non-tradable, i.e. treasury stock that cannot be put back in circulation. 7
The government plays dual roles of regulator and holders in the stock market, weakening the effectiveness of the market as to resource allocation and risk diversification. This brings us to our second corollary hypothesis:
Hypothesis 1b: The development of capital markets only modestly shapes patterns of industrial specialization.
With the banking sector and capital markets primarily serving the funding needs of SOEs, the private-sector and non-state-sector entities find it difficult to access financing from the formal financial sector (Allen et al., 2012; He et al., 2013) . However, growth of private sector is much higher than in the state sector, and the largest contributor to China's overall economic growth. Allen et al. (2005) suggest that the most successful part of the financial system is a sector of alternative financing channels such as trade credit and money from friends or family members, rather than the banking sector or capital markets. These alternative or informal financing channels, which are built upon reputation in the community and long-term relationships, have supported the rapid expansion of the non-state sector and provided much of the economy's growth. A well-functioning informal financing system, in turn, can overcome problems of asymmetric information and lack of contractual relations.
It is a good substitute for standard financing channels. As informal finance is mainly locally based due to its relationship-based nature, it is reasonable to expect regions with well-functioning informal financial systems to have a comparative advantage in attracting industries that depend on access to financing and have the potential to specialize their production. This gives our third corollary hypothesis:
Hypothesis 1c: Geographic concentration of industries that depend on access to external finance is high in regions with well-functioning informal financial systems.
FDI, which is central to financial globalization, could potentially affect the pattern of industry specialization within a country. FDI can be seen as a form of equity financing that alleviates financial constraints (Harrison et al. 2004) . Foreign investors are also often more experienced and more likely to be market-oriented in their investment decisions. They are less likely to be influenced by local political and government factors. Hence, FDI may serve as a tool to mitigate the negative effects of market distortions, and allow industries that rely heavily on external financing to concentrate in a certain area and specialize production. Applying the same logic to Chinese regions, we expect that FDI inflows can relieve the capital shortages in industries highly dependent on external financing and thus benefit industrial specialization. With the "open door" policy since 1978, China has become one of the world's top FDI recipients (Prasad and Wei, 2007) . Such investment is expected to facilitate the process of regional industrial specialization. Therefore, we make our fourth corollary hypothesis: et al. (2000) find that robust legal and institutional environments lead to better outcomes for the financial systems. They can effectively protect the investor and creditor rights, and therefore increase the effectiveness of the governance mechanism. Healthy institutional environments can also strengthen the governance mechanisms based on reputation and relation. First, good institutional environments encourage citizens to participate in business and other economic activities. Second, less government intervention allows greater competition in markets for products and inputs (Acemoglu and Johnson, 2005) . The reputation effect matters most when the firm seeks to raise funds and contract with business partners.
It leads to a more effective governance mechanism based on reputation and relationships.
We summarize this with our second basic hypothesis .
Hypothesis 2:
The positive effect of financial systems on industrial specialization is larger in regions with more robust legal and institutional environments.
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Research design and variable construction
Research design
To see how financial development affects industrial specialization, consider industrial production that requires external financing. A well-functioning financial system can alleviate external costs of financing and reduce the information asymmetry between creditors and debtors. This cost advantage increases the greater the need for external financing in production of the final good. It follows that regions with better financial systems have a comparative advantage in the industrial production relies extensively on external financing. We test our hypothesis by estimating the following equation:
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is the gross industrial production of industry i of province k. is the national gross industrial production of industry i. is the province k's total gross industrial production of all industries. Output total is the national gross industrial production of all industries. If Int is larger than one, then province k has a higher proportion of industry i than proportion of total industrial output to national total output. Similarly, if Int is less than 1, then province k has a lower proportion of industry i than total industrial output.
Financial dependence and financial development
As the actual use of external financing at the industry level is typically unavailable, Rajan
and Zingales (1998) 
_ denotes the capital expenditure in industry , and ℎ_ is the measure of operational cash flow. To smooth fluctuations, we use the average value from 1998 to 2010 as the measure of industrial financial dependence. However, industry's financial dependence may be correlated with the development of financial markets. Rajan and Zingales (1998) suggest that large listed firms in the US face the least restrictions in accessing finance, so external financing demand for these firms is more likely to be a pure measure of external financial dependence. We therefore conduct a robust analysis using the industry's financial dependence based on US-listed firms as a proxy for China's industries.
To evaluate impacts of financial sectors on industrial specialization, five indicators are used in our analysis. We use three indicators to proxy the activities of standard financial sectors. Loan is the ratio of total banking institution loans to regional GDP. This measures the overall size of the banking sector. For the capital market, the direct measure of capital market activity is the amount of funds actually raised through the stock market Qing He, Chang Xue and Chenqi Zhu Financial development and patterns of industrial specialization: Regional evidence from China
To evaluate impacts of financial sectors on industrial specialization, five indicators are used in our analysis. We use three indicators to proxy the activities of standard financial sectors. Loan is the ratio of total banking institution loans to regional GDP. This measures the overall size of the banking sector. For the capital market, the direct measure of capital market activity is the amount of funds actually raised through the stock market As noted, informal financing channels and FDI are also important for the growth of Chinese economy. Allen et al. (2005) suggest that most self-raised funds or other financial resource are raised from alternative financing channels. Following Guariglia and Poncet (2008) , we use the ratio of funds that are self-raised or raised by other non-specified channels to total fixed investment as a measure of informal finance (Informal). As China is among the world's top FDI recipients, FDI can act as an important source of equity financing. We use the ratio of FDI stock to GDP to measure the effect of foreign direct investment. The data are drawn from China Statistical Yearbook.
Institutional variables and other endowments
Regional disparities in economic institutions and governance quality profoundly affect the level of socioeconomic development and the progress of marketization in different provinces. Two direct measures of regional institutional environments are used to test whether regional institutions exert an influence on the relationship between industrial specialization and financial development. Marketization, proposed by Fan et al. (2011) , is a comprehensive index measuring the overall quality of regional institutions. A larger value is associated with a more robust institutional environment. Intervention is an index measuring the extent of intervention of local government, defined by the proportion of fixed investment coming from state sector over total fixed investment. A smaller value is associated with less government intervention. Li (2003) and updated using the standard perpetual inventory approach. The percentage of population with a secondary school education or higher to total population is used as a proxy for the regional human capital endowments (sthc).
Human capital intensities are calculated as the average ratio of workers with secondary school educations or higher to the overall employments in each industry (SKL). We obtain Detailed definitions of variables and data resources are reported in Appendix 1. Consistent with the evidence of Rajan and Zingales (1998) , the industry of tobacco processing (industry code 16) is least dependent on external finance, followed by metal products (industry code 34) and Processing of petroleum, Coking and nuclear fuel (industry code 25). Chemical fibers (industry code 28), which is highly competitive, uses the most external finance. Interestingly, we find that most measures of financial dependence are negative, consistent with the evidence that firms are difficult to raise external finance in China (Allen, et al., 2005) Before turning to our regression analysis, we check to see whether financial development affects regional comparative advantage. Here, we ask whether regions with more developed financial markets have a heavier average demand for financing from industrial producers. The average industrial financial dependence of region k is calculated as �������� = ∑ • , where is the weight of the output of industry i of province k in year t, and is the financial dependence of industry i.
Summary statistics
The estimation results are reported in Table 3 . Column 1-5 report the estimated relationship between average industrial financial dependence and each financial indicator.
All coefficients are positive and have the expected signs. Only the variables for FDI and informal financing channels have a statistically significant difference from zero. We include all financial indicators in our specifications in Column 6-8. The primary results remain unchanged. It implies that regions with better financial developments tend to specialize in goods for which external finance is most important. Both FDI and informal financing significantly affect the ability of a region to attract industries that rely heavily on external financing.
Table 3 Financial dependence and financial development
This table reports the relation between average industrial financial dependence and each financial indicator. The dependent variable is the average industrial financial dependence of each province, weighted by industry output. Each column reports the correlation between financial dependence and the specific financial sector. Robust standard errors clustered at the industry-province level are reported in parentheses. ***, **, and * denote statistical significance at the 1%, 5%, and 10% level, respectively. The definitions and data sources of all variables are presented in Appendix 1.
(1) 
Regression analysis
We now examine how different financial sectors can shape patterns of industrial specialization across regions. Table 6 shows our results from estimation of Equation 1. Four out of the six interactions between financial dependence and financial development have a positive effect on industrial specialization. This implies that regions with relatively stronger financial markets can better serve industries heavily reliant on external finance in specializing their production.
Column 1-6 reports the effects of specific financial indicator on the pattern of industrial specialization. All coefficients have the expected signs. The development of banking sector (Loan), is of importance, but has a significantly negative effect on specialization.
This result implies that industries reliant on access to external finance find it more difficult to access credit in a region with a relatively large formal banking sector. As the banking sector is highly regulated and directly controlled by government, most credit flows to inefficient SOEs or serves other government purposes. Forming a firm-creditor relationship may even be damaging to a firm's prospects; it can distort the firm's incentives to invest.
Consistent with Lu and Tao (2009) , our results imply that government regulation of credit markets is detrimental to industrial specialization among China's regions.
The coefficients on both capital market indicators (Capitalization, Issuance) are not significantly different from zero, implying that capital markets are not important sources of comparative advantage for industries heavily reliant on access to external financing. Given the inefficiency of resource allocation through capital markets, it is not surprising that both bond markets and stock markets have few effects on the specialization pattern.
Our informal finance index (Informal), which proxies for the development of alternative financing channels, is important both statistically and economically. Consistent with Allen et al. (2005) , informal financing channels may substitute for standard financing channels and allocate financial resources efficiently. As a result, industries that depend heavily on access to external financing tend to concentrate geographically in regions with robust informal financial systems.
FDI, an indicator of oversea assets available to a regional economy, is also an important determinant of patterns of industrial specialization. The coefficient of the interaction between FDI and financial dependence is statistically significant at the 1 percent level.
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As foreign investors are profit-oriented, their financial resources are more likely to allocate to industries or firms that could create most benefits. Meanwhile, FDI is less influenced than standard financial systems by local government. This facilitates effective resource allocation and leads to a positive effect on the generation of external financing.
To determine the relative importance of specific financial development for industrial specialization, we include different interactions between financial dependence and financial development in Column 6-9. As Capitalization and Issuance is highly correlated, we include the two indicators separately in our specifications. The results indicate that bank systems still have a negative effect on the specialization. Capital market indicators are positive and significant in several specifications, implying that the capital market may play a modest role in attracting industries heavily reliant on access to external financing.
Both FDI and informal financing channels are important, and dominate other indicators in all specifications. The implication here is that FDI and informal financing channels, rather than the formal financial system, are the most important determinants of regional specialization patterns in China.
Turning to other endowments, most interaction variables are positive as expected.
Notably, the interaction of human capital (SKL×sthc) is significantly negatively correlated with the patterns of industrial specialization. Given the large scale of labor migration across provinces since the mid-1990s, it is hardly surprising that human capital is not crucial to patterns of regional production. 9 This table reports the relation between industrial specialization and financial development. The dependent variable is industrial specialization (Int) estimated using the Hoover (1936) index. The independent variables of interest are the development of financial sectors, including banking system, stock market, informal finance and FDI, interacted with industrial financial dependence. Other control variables include the interaction of industrial agricultural dependence and provincial agriculture endowment, the interaction of natural resource dependence and provincial natural resource endowment, the interaction of physical capital dependence and provincial physical capital stock and the interaction of human capital dependence and provincial human capital stock. Year dummies, industry dummies, and region dummies are also included. Robust standard errors clustered at the industry-province level are reported in parentheses. ***, **, and * denote statistical significance at the 1%, 5%, and 10% level, respectively. The definitions and data sources of all variables are presented in Appendix 1.
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Financial development and patterns of industrial specialization: Regional evidence from China 22 5 Robustness 5.1 Institutional environment La Porta et al. (1997) find that legal and institutional environments are crucial to national financial and economic "outcomes." Robust legal and institutional environments can protect the interests of minority shareholders and improve access to external financial markets, which in turn increases the efficiency of the financial system in allocating funds. Allen et al (2005) , however, hold up China as a counterexample of need for a robust legal system and developed financial system to foster high economic growth. Despite its fairly rudimentary legal and financial systems, China has been one of the world's fastest growing economies for the past three decades. Informal financing channels have substituted the standard financial system and contributed the most economic growth. To examine effects of institutional environment on financial markets and industrial specialization in China, we employ the marketization index of Fan et al. (2011) , which provides a comprehensive measure the extent of marketization across China's provinces. As Lu and Tao (2009) suggest that the behavior of local government is an important determinant of industrial agglomeration, we further use the proportion of fixed investment coming from the state sector over total fixed investment to proxy for the effect of local government intervention.
We compare the effects of financial markets on specialization across regions in the lowest, middle and highest quintiles by marketization index. Panel A of Table 5 reports the results for the first, second, and third quintiles, respectively. Each column shows the estimates for the interactions between financial dependence and specific financial indicators. For regions with the lowest marketization, the development of banking sectors is related negatively significantly to specialization (column 1). Only FDI has a significantly positive effect on the pattern of industrial specialization. For regions with the highest marketization, however, the effect of banking sector has a statistically insignificant difference from zero and the capital markets have positive effects on specialization. We also find that both informal financing and FDI are important determinants of specialization. These results suggest that institutional environments are important for the functioning of both standard and informal financial systems. A possible explanation here might be that the absence of a robust formal institutional environment, informal social institutions based on reputa-tion in the community and relationships can provide sufficient checks and monitoring for alternative financing channels to work. Table 5 reports the results across regions in the lowest, medium, and highest quintiles by local government intervention. Each column shows the estimates for the interactions between financial dependence and specific financial indicators. Consistent with our expectations, the effects of banking sectors on specialization for regions with extensive government interventions is significantly negative. Only FDI plays a positive role on shaping the patterns of regional specialization. In contrast, most financial indicators have positive and significant effects on specialization in those regions with the lowest levels of government intervention. Consistent with Lu and Tao (2009) , our results suggest that government intervention impacts the efficiency of China's financial systems. Where there is less government intervention, financial systems can allocate financial resources according to the market supply and demand. As a result, well-developed financial markets in a region can attract industries that must rely heavily on external financing to specialize their production. This table reports the role of institutional environment on the relation between industrial specialization and financial development. The dependent variable is industrial specialization (Int). The independent variables of interest are the interactions of financial development (fin) and industrial financial dependence (FIN). We compare the effects of financial markets on specialization across regions in the lowest, medium, and highest quintiles by marketization index in Panel A. Panel B reports the results across regions in the lowest, medium, and highest quintiles by local government intervention, which is measured as the proportion of fixed investment coming from state sector over total fixed investment. The endowment control variables (e.g. interaction of industrial endowment dependence and provincial endowment stock) are included, but not reported. Robust standard errors clustered at the industry-province level are reported in parentheses. ***, **, and * denote statistical significance at the 1%, 5%, and 10% level, respectively.
Panel B of

Sensitivity analysis
Ellison and Glaeser (1997) suggest the Hoover index measure may bias estimation of industrial agglomeration as it does not take into account the impact of industrial structure. 10
To test the robustness of our results, we re-estimate the equation (1) using alternative measure of regional industrial specialization, i.e. the indicator used by Kalemli-Ozcan et al.
:
Output ik is the gross industrial production of industry i of province k. is the national gross industrial production of industry i. Output k is province k's total gross production of all industries. Output total is the national gross production of all industries. Panel A of Table 6 reports the estimation results using the alternative measure of industrial specialization. The primary results remain qualitatively unchanged and strongly support our hypotheses. Only FDI and informal financial systems are important determinants on specialization. Rajan and Zingales (1998) suggest that actual use of external financing is inappropriate to measure an industry's financial dependence as it may reflect the equilibrium between supply and demand for external financing. As listed firms on US stock markets face the least frictions in accessing finance, the external finance used by these firms provides the best benchmark for foreign firms in the same industry (Manova, 2013) . To check robustness, we use the data on the external financing and capital expenditures of US exchange-listed firms.
Financial dependence is estimated as an average value from 1998 through 2010,
and industry values are calculated as medians. Panel B of Table 6 reports the results by using the alternative measure of financial dependence based on US data. The results are virtually identical to those in Table 4 . Thus, positive effect of FDI and informal financing channels on the patterns of industrial specialization is not due to the different measure of industrial financial dependence. Cull et al. (2009) show that trade credit likely provides a substitute for bank loans for firms shut out of formal credit markets. Hence, trade credit is an important alternative financing channel. If our hypothesis is correct, industries that need access to external finance should develop rapidly in regions with well-function systems of trade credit. To obtain region-level measures of trade credit use, we consider the ratio of accounts receivable to total assets (Receivable), the same measure of trade credit employed by Cull et al. (2009) . To obtain a value of each region, we take average of the ratios over all firms in this region in the relevant time period. Panel C of Table 6 reports the results by using Receivable to measure the development of informal financial market. All the coefficients of Receivable are positive with statistically significant differences from zero. This suggest that trade credit can alleviate financial constraint and has a positive effect on regional industrial specialization. Table 6 reports the results by using the alternative measure of financial dependence based on US data. Panel C of Table 6 reports the results by using accounts receivable over total assets (Receivable) to measure the development of informal financial market. The endowment control variables (e.g. the interaction of industrial endowment dependence and provincial endowment stock) are included, but not reported.
Year dummies, industry dummies, and region dummies are included. Robust standard errors clustered at the industry-province level are reported in parentheses. ***, **, and * denote statistical significance at the 1%, 5%, and 10% level, respectively.
Endogeneity
The relationship between financial development and pattern of specialization may be endogenously determined. Industries that rely extensively on external finance may also demand a well-functioning financial system. In this sense, regions that serve financially dependent industries may have strong incentive to develop their financial system. Thus, we apply use distinct and separate instruments to isolate the effects of informal financing and FDI. Guiso et al. (2004) find that social capital plays an important role in the degree of financial development, especially in regions with poor law enforcement. Where law en-Qing He, Chang Xue and Chenqi Zhu Financial development and patterns of industrial specialization: Regional evidence from China 28 forcement and the institutional environment are weakest, the informal financing channel based on reputation and relationships dominates China's financial system (Allen et al., 2005) . Social capital persists over time, and can build trust and reputation between agencies -an intrinsic feature of the informal financial system. Thus, we expect that access to informal financing correlates positively with the influence of local social capital. However, as noted by Svaleryd and Vlachos (2005) , industry structure has little direct impact on social capital. We thus use the number of people-run non-enterprise units per 10,000 residents (Pni) as an indicator of regional social capital, 11 and construct the interaction variable (Pni×FIN) as an instrument 12 for Informal ×FIN.
To isolate the causal impact of FDI on patterns of regional industrial specialization, we rely on the percentage of foreign-related marriages over total marriages. 13 Our rationale here is that foreign investors face great uncertainty when investing in mainland
China. Marriage ties with local citizens could mitigate information asymmetry and help attract foreign capital. As it is hard to believe that industry structure can influence the foreign-related marriages, we contrast the interaction variable (Fm×FIN) as an instrument for FDI ×FIN.
Column 1-3 of Table 7 reports the two-stage-least-squares (2SLS) results for informal finance. Panel B of Table 7 reports the results from the first-stage regressions. Here, we see that Pni×FIN is significantly positively correlated with Informal ×FIN. If the Fstatistic of the instrument indicates a significant effect on informal financing channels, we avoid weak instrument bias. The second-stage results are reported in Panel A of Table 7 .
Here, we see that the point estimates for Informal ×FIN are more significant and larger than the OLS estimation results in Table 4 . Consistent with our expectation, these results indicate that access to informal financing is important for industries that rely heavily on external financing. Column 4-6 of 12 We also use initial levels of Pni (the value of Pni in 1998) as alternative measure of instrument. It turns out that our primary results remain qualitatively unchanged. 13 Under Article 147 of the General Principles of the Civil Law of the People's Republic of China, foreignrelated marriage is a marriage in China between a foreigner and a Chinese citizen or between two foreigners. To avoid possible endogeneity, we use the three-year lagged Fm to construct our instruments.
that the instrument (Fm×FIN) has a significant effect on FDI ×FIN. Even if the significance levels are relatively lower, the second-stage results reported in Panel A of Table 7 present point estimates that are still large and have a positive effect on regional specialization. This table reports two-stage-least-squares estimation on the relationship between industrial specialization and financial development. The upper panel presents the results of the second-stage regression. The dependent variable is industrial specialization (Int). The independent variables of interest are proxies for financial sectors, including banking system, stock market and FDI, interacted with industrial financial dependence (FIN). The endowment control variables (e.g. the interaction of industrial endowment dependence and provincial endowment stock) are included, but not reported. Panel B reports the result of the first stage regression. The instrument variable for informal finance is the number of people-run non-enterprise units per 10000 residents. We use the percentage of foreign-related marriages over total marriages (Fm) as the instrument variable for FDI. Robust standard errors clustered at the industry-province level are reported in parentheses. ***, **, and * denote statistical significance at the 1%, 5%, and 10% level, respectively. 1998 through 2010, we examined how financial development might shape patterns of industrial specialization. We find that industries that rely heavily on access to external financing tend to specialize in regions with developed financial systems. However, standard financial sectors such as banking and capital markets play relatively minor roles in determining patterns of specialization across Chinese regions. Informal financing channels and FDI seem to be the important determinants of specialization patterns and are sources of regional comparative advantage. Moreover, good institutional environments appear to strengthen the positive effects of financial sectors on specialization patterns. Our results remain robust after controlling for traditional specialization determinants, alternative measures of variables, and the possibility of reversal causality.
It is often asserted that the rapid growth of China's private sector is due to the availability of informal financing channels and FDI. Consistent with this argument, our results provide evidence that access to alternative financing channels and FDI are central to encouraging regional industrial specialization. Although standard financial sectors such as credit and capital markets have enjoyed a rapid expansion, China's repressive financial policies and government intervention leave these financial sectors on the sidelines when it comes to setting the industrial specialization agenda. Given the low levels of industrial specialization across Chinese regions, perhaps the best way forward for China is to speed up reform of traditional financial sectors, as well as promote a well-functioning legal system and robust institutions.
